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I.  INTRODUCTION 


Reduction  of  the  vulnerability  of  the  ammunition  storage  compartment 
for  a  tank  la  of  current  concern  to  the  United  StateB  Army*»2.  When  the 
propellant  In  a  cartridge  case  Is  Ignited  by  some  external  event  (shaped 
charge,  kinetic  energy  penetrator,  etc.),  the  propellant  will  deflagrate 
and  burn.  This  primary  event  has  been  studied’  and.  In  most  Instances, 
the  ammunition  compartment  has  survived.  Secondary  reactions  can  occur 
In  adjacent  stored  rounds  with  delays  In  reaction  from  milliseconds  to 
an  hour  or  more  following  the  Initial  attack  (primary  event).  In  some 
Instances,  these  secondary  reactions  are  more  severe  than  the  primary 
event,  sometimes  destroying  ammunition  compartments  that  survived  a 
primary  event.  The  measurement  of  the  severity  of  these  secondary  events 
was  determined  from  copper  crusher  gage  pressure  readings.  Details  on 
the  construction  characteristics  of  an  ammunition  box  that  might  be 
considered  for  the  XM1 ,  the  type  and  number  of  rounds  that  might  be 
stored  in  the  box,  and  the  possible  method  of  venting  the  box  are  de¬ 
scribed  In  detail  In  Reference  1. 

In  tests  conducted  at  the  Ballistic  Research  Laboratory  (BRL)  and 
Materiel  Testing  Directorate  (MTD) ,  rounds  confined  In  an  ammunition 
box  were  tested  In  the  same  manner  as  those  reported  in  Reference  1. 
Pressures  were  measured  by  placing  copper  crusher  gages  at  both  the  base 
of  the  case  and  slug.  In  several  of  the  tests,  case  pressures  in  excess 
of  207  MPa  (30,000  (psi)  were  noted.  In  testB  done  at  the  Propulsion 
Division  (PD),  BRL  ,  case  rupture  pressures  for  unconf lned  rounds  Ignited 
in  the  standard  manner  using  an  M80A1  primer,  never  exceeded  41  MPa 
(6,000  psl) . 

Post  test  examination  of  rounds  confined  In  an  ammunition  box 
showed  that  rounds  adjacent  to  destroyed  rounds  were  severely  damaged 
(crushed  cartridge  cases,  damaged  propellant  grains,  etc.).  Crushed 
cases  (decreased  chamber  volume)  and  shattered  and/or  broken  propellant 
grains  (Increased  propellant  surface  area)  and  the  subsequent  Ignition 
of  the  propellant  were,  probably,  the  major  factors  contributing  to  the 
exceedingly  high  case  rupture  pressures  noted  earlier.  Not  surprisingly, 
the  higher  the  case  rupture  pressure,  the  more  Intense  the  effects  on 
both  Che  Integrity  of  the  ammunition  box  and  Its  contents. 


1.  Donald  F.  Menne  and  F.  Tyler  Broun,  "Vented  Ammunition  Compartment 
Teeie  -uith  Live  Ammunition”,  Ballistic  Research  Laboratories 
Memorandum  Report  So.  2564,  December  1975,  AD*  B0087&5L. 

2.  Donald  F.  Menne  and  F.  Tyler  Broun,  " Sensitivity  of  lOhmv  M456A1 
Ammunition  to  Attack  by  Shaped  Charges”,  Ballistic  Research  Lab- 
atories  Memorandum  Report  So.  2543,  October  1975,  AD*  B008041L. 

3.  Carl  R.  Ruth  and  Jerome  M.  Frankie,  ” Rupture  Pressure  for  Metal 
Cartridge  Cases",  Ballistic  Research  Laboratory  Memorandum  Report 
So.  2743,  April  1977,  AD*  B018599L. 


The  dynamic  lnter-ralationahip  of  the  aforamancionad  parameters 
which  caused  the  high  pressure  cannot  be  determined  without  extensive 
test  firing  under  a  variety  of  controlled  conditione.  However,  by 
altering  some  of  the  standard  parameters  of  the  105-mm,  M392  round, 
limited  tests  can  be  conducted  to  isolate  the  effects  of  some  parameters 
as  possible  causes  of  large  increases  in  case  rupture  pressure. 

The  objective  of  this  task  was  to  determine  whet  effects  initial 
case  volume  and  increased  initial  grain  surface  area  would  have  on  the 
peak  rupture  pressure  of  the  M392  round  in  an  unconfined  environment. 

II.  DESCRIPTION  OF  TEST 

All  firings  were  done  with  rounds  modified  with  pressure  gagas  so 
that  the  rupture  pressure  of  the  case  could  be  determined.  Following 
is  a  description  of  the  rounds,  the  pressure  gages  and  the  method  in 
which  the  firings  were  conducted. 

A .  Test  Hardware 

The  complete  cartridges  that  were  test  fired  were  representative 
of  the  APDS,  M392A2,  rounds  for  the  105-rain,  M68  Tank  Cun.  Components  of 
these  cartridges,  as  shown  in  Figure  1,  Section  A-A,  are  the  Cartridge 
Case,  K115  (brass);  Primer,  Electric,  M80A1 ;  Propellant,  M30M1’ ,  1.143-mn 
(0.045-ln.)  web,  and/or  Propellant,  M1SP,  0.396-ram  (0.0156— in.)  web; 
Liner,  Wear-Reducing,  Titanium  Dioxide;  and  Proof  Slug,  T382  (Instead 
of  the  actual  M392A2  Projectile).  The  proof  slugs  weighed  5.85  kg 
(12.87  lb)  and  the  propellant  charges  varied  in  weight  as  indicated  in 
the  Results  section.  The  slug,  shown  in  Figure  1,  had  the  undamaged 
cartridge  case  crimped  over  the  vulcanized  fiber  rotating  band,  which 
is  the  standard  assembly  for  this  round. 

B .  Instrumentation 

Internal  ferrule  (IF)  pressure  gages  were  used  to  record  pressure 
versus  time  at  the  base  of  the  cartridge  case  and  at  the  base  of  the 
projectile.  For  the  last  two  rounds  tested,  a  Klstler  piezoelectric 
gage  was  also  Installed  in  the  base  of  the  case.  The  locations  for  the 
IF  strain  gages  are  shown  in  Figure  l.  A  detailed  description  of  the 
Installation  of  gages  of  this  type  in  cartridge  cases  raav  be  found  in 
BRL  MR  18794  and  BRL  TN  13445.  a  25.4-nm  (1-inch)  diameter,  17. 8-ram 


4.  Jerome  M.  Frankie,  "Interior  Ballistics  of  High-Velocity  (Tune, 
Experimental  Program  -  Phase  1”,  Balliatio  Research  Laboratories 
.Vemorandwri  Report  Ho.  1879,  Hovembsr  1967,  AD *  830408. 

5.  Jerome  M.  Frankie,  "Modi fi oat  ion  of  lib-* m  Raee  Plug  for  Internal 
Ferrule  Cartridge  Caee  Gages",  Ballietio  Rese<xroh  Laboratorier 
Technical  Hote  Ho.  1344,  September  1960,  AD*  486747L. 
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(0.7-in.)  deep  hole  was  machined  into  the  base  of  the  proof  slug  to 
accommodate  the  pressure  gage  used  to  measure  pressure  at  the  base  of 
the  projectile.  The  gage  leads  were  brought  out  through  a  6.35-mm 
(0.25-ln.)  diameter  hole  to  the  nose  of  the  slug. 

A  second,  independent  measurement  of  peak  pressure  was  made  by 
placing  two  copper  crusher  gages  in  the  cartridge  case:  one  at  the 
base  of  the  case,  and  the  other  at  the  base  of  the  projectile. 

The  electric  primers  in  this  round  are  normally  fired  with  the 
24  volts  d.c.  available  on  the  M60  tank.  In  this  series  of  tests, 
the  primers  were  fired  using  the  test  facilities  standard  firing 
circuit,  wherein  a  condensor  (charged  to  235  volts)  was  discharged 
through  the  igniter  head.  For  the  last  round  in  the  series,  in  which 
external  ignition  of  the  propellant  charge  was  attempted,  the  firing 
voltage  ignited  a  squib  embedded  in  loose  granular  propellant  instead 
of  the  high  pressure  primer. 

The  time  of  application  of  the  firing  voltage  was  recorded  by  means 
of  a  fiducial  mark  on  each  pressure-t ime  record  and  represented  zero 
time.  This  event,  together  with  all  pressure  gage  outputs,  was  recorded 
on  analog  magnetic  tape  for  further  processing.  Copper  crusher  peak 
pressures  were  read  and  recorded  after  each  test. 

F.ach  round  was  constrained  in  a  support  stand  before  firing  (Figure 
2).  Examples  of  both  the  standard  (undamaged)  and  the  nonstandard 
(damaged)  cartridge  cases  are  shown  in  Figures  1  and  3,  respectively. 
Because  of  the  highly  destructive  nature  of  the  tests  and  the  limited 
time  available  to  conduct  them,  each  test  condition  consisted  of  one 
round . 

Ill.  RESULTS 

Six  cartridges  were  tested.  All  used  M115  cases  and  T382  proof  slugs 
instrumented  with  pressure  gages. 

The  rationale  and  general  results  for  each  round  tested  are 
summarized  in  Table  1.  Detailed  firing  results  and  pertinent  propellant 
and  case  characteristics  for  the  six  rounds  are  given  in  Table  II. 

Pressure-time  histories  at  the  gage  locations  are  shown  in  Figures 
4  through  20.  Marked  on  each  figure  are  the  following: 

•  Maximum  pressure  at  the  base  of  the  cartridge  case  at  the  time 
when  the  case  ruptured. 

•  Maximum  pressure  at  the  base  of  the  slug  at  the  time  when  the 
case  ruptured. 
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Figure  6.  Prcssure-Ti»e  History  for  Round  2,  Case  Pressure 


Case  Pressure,  IF  Gage 


Figure  9.  Pressure-Time  History  for  Round  3,  Slug  Pressure,  IF  Gage 


Pressure-Time  History  for  Round  4,  Case  Pressure 
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Slug  Pressure,  IF  Gage,  Expanded  Time  Scale 


Pressure-Time  History  for  Round  5,  Case  Pressure,  IF  Gage,  Expanded  Time  Scale 


Pressure-Time  History  for  Round  6,  Case  Pressure,  IF  Gage 


Pressure-Time  History  for  Round  6,  Slug  Pressure,  IF  Ga; 


Pressure-Time  History  for  Round  6,  Case  Pressure 


Rounds  1  and  2  used  both  standard  (undamaged)  and  nonstandard 
(damaged)  M30MP,  1.143-mra  (0.045-ln.)  web  propellant.  Damaged  propellant 
grains  were  those  that  had  been  broken,  split,  crushed,  or  cut  Into 
pieces  by  personnel  at  the  BRL.  In  addition  to  Increasing  the  Initial 
surface  area,  the  Initial  case  volume  for  both  rounds  was  reduced  by 
crushing  In  the  sides  of  the  cases  (Figure  3).  Round  2  (Figures  6  and 
7)  had  more  damaged  propellant  and  a  smaller  Initial  case  volume  than 
Round  1  (Figures  4  and  5).  For  both  rounds,  the  projectile  could 
debullet  and  travel  one  metre  before  being  stopped  by  a  metal  plate. 

The  pressures  measured  using  the  IF  pressure  gages  were,  for  both 
rounds,  essentially  the  same  as  those  cited  In  Reference  3,  wherein  the 
case  and  propellant  were  standard,  undamaged,  components  for  the  105-ima 
Gun,  M68 .  The  slight  Increase  In  Initial  surface  area  and  the  reduced 
volume  of  the  cartridge  case  over  that  of  the  standard  round  were  not 
sufficient  to  increase  the  case  rupture  pressure.  Decreasing  the  case 
volume  from  6600  cm'  (403  ln.^)  to  3800  ca'  (354  in.^)  barely  allowed 
for  the  loading  of  the  H30MP  propellant.  Any  further  reduction  In 
case  volume  would  not  only  restrict  the  propellant  charge  to  less  than 
the  standard  5.48  kg  (12.09  lb),  but  would  also  crack  the  case. 

Since  further  reductions  In  case  volume  were  not  feasible,  the 
remainder  of  the  tests  were  conducted  with  standard  Ml  15  cases.  Increased 
case  rupture  pressure  was  attempted  by  greatly  Increasing  the  Initial 
surface  area  of  the  propellant  charge.  Increased  propellant  surface  area 
was  obtained  by  using.  In  addition  to  the  M30MP  propellant,  M1SP, 

0.396-nm  (0.0156-ln.)  web  propellant. 

Round  3  (Figures  8  and  9)  used  a  combination  of  the  M30MP  and  M1SP 
propellants.  The  propellant  Initial  surface  area  was  approximately  twice 
that  of  Rounds  1  and  2  (Table  II).  Since  the  loading  density  of  the 
M1SP  was  less  than  that  of  the  M30MF,  Round  3  had  only  5.13  kg  (11.3  lb) 
of  propellant  rather  than  the  standard  5.48  kg  (12.09  lb).  As  In  Rounds 
1  and  2,  the  projectile  could  debullet  and  travel  one  metre.  The  test 
results  (Table  II)  show  that  a  twofold  Increase  In  propellant  Initial 
surface  area  Increases  case  rupture  pressure  twofold. 

Round  4  contained  only  the  M1SP  propellant.  Because  density  of 
loading  for  the  M1SP  was  less  than  that  of  the  M30MP,  the  charge  weight 
for  this  round  was  4.54  kg  (10  lb).  The  propellant  Initial  surface  area 
was  approximately  four  times  that  of  the  standard  round  (Table  II). 

Case  and  projectile  base  rupture  pressures  (IF)  were,  respectively, 
three  and  four  times  larger  than  those  cited  In  Reference  3.  Because 
of  the  rapid  rise  time  of  the  pressure,  the  frequency  response  of  the 
Internal  ferrule  gage  system  was  approached,  causing  oscillations  and 
overshoot  of  the  gage  (Figures  10  through  13).  The  actual  case  rupture 
pressure  is  within  the  range  cited  in  Table  II. 

Round  5  used  the  same  M1SP  propellant  as  Round  4.  To  see  If  an 
external  constraint  would  Increase  rupture  pressure  above  that  of 
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Round  4,  a  readlly-avallable,  looae-f lttlng,  0.63-cm  (0.25-ln.)  thick, 
14-cm  (5.50-ln.)  diameter,  plexiglass  sleeve  was  placed  over  Round  5. 

The  front  ends  of  the  sleeve  and  projectile  were  constrained  by  a  metal 
plate  which  supported  the  sleeve  and  prevented  It  from  touching  the 
surface  of  the  case  end  projectile.  The  plate  also  prevented  the 
projectile  from  debulletlng.  Because  of  the  oscillatory  response  of 
the  IF  gage  for  Round  4,  a  Klstler  601  pressure  gage,  having  a  much 
higher  frequency  response  than  the  IF  gage,  was  also  used  to  measure 
case  rupture  pressure. 

The  results  for  Round  5  are  cited  In  Tables  1  and  II  and  Figures  14 
through  17.  Both  case  and  projectile  base  rupture  pressures  were 
higher  than  those  for  Round  4.  An  Instrumentation  malfunction  caused 
the  loss  of  the  Klstler  pressure  data.  The  use  of  the  plexiglass  sleeve 
and/or  the  Inability  of  the  projectile  to  debullet  apparently  increased 
the  rupture  pressure  slightly. 

For  Rounds  1  through  5,  the  propellant  temperature  was  approximately 
21*C  (70°F).  By  substantially  Increasing  the  propellant  temperature 
before  Ignition  (a  probable  event  for  secondary  reactions  In  the  aamunl- 
tlon  box  tests),  the  case  rupture  pressure  might  be  expected  to  be 
larger  than  that  of  Round  5.  Ideally,  the  propellant  temperature  should 
be  slowly  Increased  to  a  value  just  below  cook-off  before  the  propellant 
Is  set  off  with  the  primer6.  This  elaborate  test  was  not  possible  In 
the  time  frame  available  for  these  firings. 

Rather,  In  an  attempt  to  heat  the  propellant  rapidly  In  the  case 
before  Ignition  took  place.  Round  6,  which  used  only  M1SP  propellant, 
was  set  off  by  atmospherically  burning  5.4  kg  (12  lb)  of  M30MP  propellant 
under  the  fully-instrumented  round.  The  propellant  was  placed  Into  a 
trough  60  cm  (23.6  In.)  deep.  The  trough  was  so  positioned  that  the 
top  of  the  propellant  bed  was  2  cm  (0.8  In.)  below  and  In  line  with  the 
case.  Rapid  Ignition  of  most  of  the  loose,  granular  propellant  was 
accomplished  by  pouring  a  few  grams  of  A1  black  powder  over  the  M30MP 
grains.  The  black  powder  wan.  In  turn.  Ignited  by  a  squib  embedded 
in  the  powder  using  the  same  capacitor  discharge  system  that  Ignited  the 
primers  in  previous  rounds.  The  projectile  In  the  test  was  free  to 
debullet . 

The  results  were  not  as  expected.  Pressures  for  Round  6  are  shown 
In  Table  II  and  Figures  18  through  20.  The  IF  case  pressure  gage 
malfunctioned.  Both  the  IF  slug  gage  and  the  Klstler  case  gage  Indicated 
low  case  pressures. 


6.  Robert  B.  Frey,  Giordano  Melani,  Jerry  E.  Waddell,  Boyd  C.  Taylor, 
and  Carl  F.  Ruth,  " Pressure  Measurements  in  Highly  Confined,  M4B6 
Cartridge  Caeee  after  Primer  and  Cook-Off  Ignition ",  Ballistic 
Research  Laboratory  Memorandum  Report  Ho.  27B4,  June  1977,  AD* 
B020S22L. 
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Apparently,  local  Ignition  of  propellant  at  the  aldewall  of  the 
case  occurred  before  any  aubetantlal  heating  of  the  Interior  gralna. 

The  project lle-caae  Interface  apparently  opened  when  the  uncrlmplng 
preaaure  waa  reached,  thua  minimizing  preeaure  buildup  In  the  caae. 
Atteatlng  to  the  low  preaauree,  the  caae  apllt  open  rather  than  buratlng 
Into  many  amall  pieces. 


IV.  CONCLUSIONS 

In  all  tests  with  unconflned  rounda,  maximum  case  rupture  pressures 
never  approached  the  207  MPa  (30,000  pal)  level  cited  In  the  early  MTD 
ammunition  box  tests.  The  maximum  rupture  preasures  recorded  for  the 
internal  ferrule  and  copper  crusher  gages  were,  respectively,  100  MPa 
(14,500  psl)  and  133.1  MPa  (19,300  psl).  Apparently,  confinement  of 
the  rounds  In  the  ammunition  box  la  a  critical  criterion  for  Inducing 
the  conditions  necessary  to  produce  pressures  over  207  MPa  (30,000  psl). 


For  all  tests,  the  copper  crusher  gage  pressures  were  higher  than 
their  electronic  gage  counterparts.  Since  only  copper  crusher  gages 
were  used  In  the  cartridge  cases  for  the  MTD  teats,  the  preasures 
cited  therein  may  have  been  high  and  partially  caused  by  other  effects 
(deceleration,  damage,  etc). 
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